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Objectives: To evaluate the effect of the application method on the immediate and 3-year
resin–dentine bond strength (mTBS) and nanoleakage (NL) for 3 one-step self-etch adhesives
(Adper Prompt L-Pop; Clearfil S3 Bond and Xeno III).
Methods: The occlusal enamel of 42 human molars were removed to expose a flat dentine
surface. The adhesives were applied under inactive or active application. After light-curing
(600 mW/cm2 for 10 s), composite buildups were constructed incrementally and sectioned to
obtain bonded sticks (0.8 mm2) to be tested in tension immediately or after 3 years of water
storage of water storage. For NL, 2 bonded sticks from each tooth at each time were coated
with nail varnish, placed in silver nitrate and polished down with SiC paper. The mTBS data
was submitted to a two-way repetead mesures ANOVA and Tukey’s test for each adhesive
(a = 0.05).
Results: The active application showed higher immediate and 3-year mTBS than the inactive
application ( p < 0.05). An increase in the silver nitrate deposition was seen for all conditions
after 3 years; however this was more pronounced for all materials under inactive application
( p < 0.05).
Conclusions: The active application improves the immediate bonding performance of the
adhesive systems. Reductions of the bond strength were observed for all materials after 3
years, however reduced degradation rate was observed when the materials are applied
actively in dentine.
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Success in adhesive dentistry involves long lasting restora-
tions; however the resin–dentine interface degradation
appears as the biggest obstacle to achieve this goal. Indepen-
dent of the adhesive strategy used for bonding to tooth
substrates (etch-and-rinse or the newest self-etch adhesive
systems) degradation of the hybrid layer can be observed.1* Corresponding author at: Rua 7 de setembro 125 – apto 41 – Centro, 
fax: +55 42 3220 3741.
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Open access under the Elsevier OA license.The etch-and-rinse or the self-etch approach are the
available adhesive strategies employed nowadays for dentine
bonding.2–4 The advantage of the self-etch approach is that
these materials do not require etching and rinsing. The first
non-rinsing self-etch adhesives were composed of two
solutions, an acidic primer and a bonding resin. More recently,
this trend has shifted to a more simpler procedure, which led
to the development of one-step self-etch adhesives, in which
all components were combined into one single solution.Ponta Grossa, Parana´ 84010-350, Brazil. Tel.: +55 42 3027 7898;
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composition and concentration of polymerizable acids.5
Usually, the self-etch systems can be classified according to
the pH of the adhesive solutions in strong (pH < 1.0),
intermediately strong or moderate (pH between 1.0 and 2.0)
and mild (pH > 2.0),2–4 and this seems to have an influence in
their ability to interact with the underlying dentine.
Several studies have demonstrated that the smear layer
thickness may jeopardize the bonding effectiveness of self-etch
systems and therefore the use of fine-grit diamond or carbide
burs were suggested for cavity preparation in order to improve
the resin penetration into dentine.6–9 This is an important
concern regarding self-etch adhesives, as they may fail to
penetrate beyond the smear layer and reach the mineralized
dentine to form a hybridized complex10 compromising the
strength of the bond.
In an attempt to improve the bonding effectiveness of these
materials, Miyazaki et al.11 was the first to suggested that the
active primer application may be helpful to remove the smear
layer in order to achieve micromechanical as well as chemical
interaction with underlying dentine regardless the adhesive
acidity and different research centres also indicating several
advantages for this technique.12–14
Even though these adhesives are very user-friendly and
less technique sensitive, they exhibit lower immediate bond-
strength values2,15,16 and produce a less stable interface under
ageing when compared with the other adhesives catego-
ries.3,17 This improvement of the dissolution of smear layers
produced by active application could also have an impact on
the immediate and short term longevity.11–14
To the extent of the author’s knowledge no in vitro study
has so far evaluated the effect of application technique on the
long-term durability of resin–dentine bonds produced by one-
step self-etch systems. Therefore, the purpose of this study
was to evaluate the early and 3-year resin–dentine bond
strength and silver nitrate deposition of one-step self-etch
adhesive under active and inactive application. The following
null hypotheses were tested in this study: (1) the application
method does not affect the early and 3-year resin–dentine
bond strength for one-step self-etch system and (2) the
application method does not affect the early and 3-year silver
nitrate deposition for one-step self-etch systems.
2. Methods and materials
2.1. Teeth selection and preparation
Forty-two extracted, caries-free human third molars were
used. The teeth were collected after the patient’s informed
consent. The Ethics Committee from the State University of
Ponta Grossa approved this study. Teeth were disinfected in
1% thymol, stored in distilled water and used within 6 months
after extraction. A flat and superficial dentine surface was
exposed on each tooth after wet grinding the occlusal enamel
on # 180-grit silicon carbide paper. The enamel-free, exposed
dentine surfaces were further polished on wet # 600-grit
silicon-carbide paper for 60 s to standardize the smear layer.
One schematic diagram of tooth preparation, restoration
specimen sectioning and testing can be seen in Fig. 1.Three one-step self-etch adhesive systems were selected
according to their aggressiveness potential reported by their
manufacturers: Adper Prompt L-Pop ([AD] – 3MESPE, St. Paul,
MN, USA) – aggressive (pH < 1); Xeno III ([XE] – Dentsply Caulk,
Milford, DE, USA) – moderate (1 < pH < 2) and Clearfil S3 Bond
([S3] – Kuraray Medical Inc., Osaka, Japan) – mild (pH > 2).2–4
Their composition, application mode and batch number are
described in Table 1.
A single operator applied all adhesives on the dentine as
follows:
1) Inactive application: In this group, the adhesive was only
spread, over the entire surface and left undisturbed for
15–20 s according to the manufacturer’s recommendation
depicted in Table 1. In the case of Adper Prompt L-Pop, a
second coat is indicated to be applied. Then, an air stream
was applied for 10 s at a distance of 20 cm (Table 1).
2) Active application: The adhesive was actively applied on the
entire dentine surface for approximately 15–20 s according
to manufacturer’s recommendation (Table 1). The micro-
brush was scrubbed on the dentine surface under manual
pressure (equivalent to approximately 34.5  6.9 g).18,19 In
the case of Adper Prompt L-Pop, a second coat is indicated
to be applied. An air stream was applied for 10 s at a
distance of 20 cm (Table 1).
A VIP light-curing unit set with a light intensity of 600 mW/
cm2 (Bisco, Schaumburg, IL, USA) was used throughout the
restorative procedure. Following the adhesive application, resin
composite build-up ‘‘crowns’’ (Opallis, FGM, Joinville, SC, Brazil)
were constructed in 1.5 mm increments and light cured for 40 s
each. Seven teeth were used for each experimental group.
After storage of the bonded teeth in distilled water at 37 8C
for 24 h, they were longitudinally sectioned in both ‘‘x’’ and ‘‘y’’
directions across the bonded interface with a diamond saw in a
Labcut 1010 machine (Extec Corp., Enfield, CT, USA), under
water cooling at 300 rpm to obtain bonded sticks with a cross-
sectional area of approximately 0.8 mm2. All sticks from each
tooth were divided for silver nitrate uptake (SNU) evaluation
under Scanning Electron Microscopy (SEM) and microtensile
bond strengthtest (mTBS).Usually, 4sticks wasused for SNU,two
in each storage time and the remaining sticks was used for mTBS,
half in the immediate time and half after 3-year storage time.
2.2. Microtensile bond strength test (mTBS)
The number of premature failures (PF) per tooth during
specimen preparation was recorded. The cross-sectional area
of each stick was measured with the digital calliper to the
nearest 0.01 mm and recorded for subsequent calculation of
the microtensile bond strength (Absolute Digimatic, Mitutoyo,
Tokyo, Japan). The bonded sticks originated from the same
teeth were randomly divided and assigned to be tested
immediately or after 3 years of storage in distilled water at
37 8C. The storage solution was not changed and its pH was
monitored monthly.
Each bonded stick was attached to a modified device
(Odeme Prod. Med. Odont., Joac¸aba, SC, Brazil) for mTBS with
cyanoacrylate resin (Zapit, Dental Ventures of North America,
Corona, CA, USA) and subjected to a tensile force in a universal
Fig. 1 – Esquematic diagram from study.
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min. The failure modes were evaluated at 40 (HMV-2,
Shimadzu, Tokyo, Japan) and classified as cohesive (failure
exclusive within dentine or composite, C), adhesive (failure at
resin/dentine interface – A), or adhesive/mixed (failure at
resin/dentine interface that included cohesive failure of the
neighbouring substrates, A/M).
2.3. Silver nitrate uptake [SNU] evaluation under SEM
Two bonded sticks from each hemi-tooth (at each storage
periods) were coated with two layers of nail varnish applied up
to within 1 mm of the bonded interfaces. The specimens were
re-hydrated in distilled water for 10 min prior to immersion in
the tracer solution for 24 h. Ammoniacal silver nitrate was
prepared according to the protocol previously described by
Tay et al.20 The sticks were placed in the ammoniacal silver
nitrate in darkness for 24 h, rinsed thoroughly in distilled
water and immersed in photo developing solution for 8 h
under a fluorescent light to reduce silver ions into metallic
silver grains within voids along the bonded interface.The specimens were mounted on stubs and were wet-
polished with 600 SiC paper to remove the nail varnish. Then,
the specimens were reduced to approximately half by grinding
with silicon carbide papers under running water. Specimens
were polished with a 1000-grit SiC paper and 6, 3, 1 and
0.25 mm diamond paste (Erios Prod. Odont., Sa˜o Paulo, SP,
Brazil) using a polish cloth. They were ultrasonically cleaned,
air dried and gold coated (MED 010, Balzers Union, Balzers,
Liechtenstein). Resin–dentine interfaces were analysed in a
field-emission scanning electron microscope operated in the
backscattered electron mode (LEO 435 VP, LEO Electron
Microscopy Ltd., Cambridge, UK).
Three pictures were taken from each specimen. The first
picture was taken in the centre of the stick. The other two
pictures were taken 0.3 mm to the left and right of the first one.
They were all taken by a technician who was blinded to the
experimental conditions under evaluation. The relative
percentage of SNU within the adhesive and hybrid layer areas
was measured in all pictures using the UTHSCSA ImageTool
3.0 software (Department of Dental Diagnostic Science at The
University of Texas Health Science Centre, San Antonio,
Table 1 – Adhesive systems: composition, groups and application mode.
Adhesive systems Compositiona Groups Application modeb
Adper Prompt L-Pop (AD-3MESPE,
St. Paul, MN, USA) 225666
Liquid 1 (red blister): methacrylated
phosphoric acid HEMA-esters, Bis-GMA,
initiators based on camphorquinone and
stabilizers
Active (manufacturer’s
recommendation)
a, b1, c, b1, c, d
Liquid 2 (yellow blister): water, HEMA,
polyalkenoic acid and stabilizers
Inactive a, b2, c, b2, c, d
Xeno III (XE-Dentsply Caulk, Milford,
DE, USA) 06055000261
Liquid A (green cap): HEMA, purified
water, ethanolurethane, dimethacrylate
resin, BHT, Highly dispersed silicon dioxide
Active a, b3, c, d
Liquid B (black cap): phosphoric acid
modified polymethacrylate resin, PEM-F,
modified methacrylate resin, UDMA,
camphorquinone,
ethyl-4-dimethylaminobenzoate
Inactive (manufacturer’s
recommendation)
a, b4, c, d
Cleafil S3 Bond (S3-Kuraray,
Osaka, Japan) 00056A
Adhesive: MDP, Bis-GMA, HEMA,
hydrophobic dimethacrylate,
dl-camphorquinone, silanated colloidal
silica, ethyl alcohol and water
Active a, b3, c, d
Inactive (manufacturer’s
recommendation)
a, b4, c, d
a Bis-GMA: bisphenol A diglycidyl methacrylate; HEMA: 2-hydroxyethyl methacrylate; BHT: Butylated hydroxy toluene; PEM-F: pentametha-
cryloyloxyethylcyclohexaphosphazene monofluoride; UDMA: urethane dimethacrylate; MDP: 10-Methacryloyloxydecyl dihydrogen phosphate.
b a: dispense equal amounts of Liquid A/1 and Liquid B/2 and mix the liquid in a mixing well thoroughly (5 s); b1: apply one coat with active
application for 15 s; b2: apply one coat without active application and leave undisturbed for 15 s; b3: apply one coat with active application for
20 s; b4: apply one coat without active application and leave undisturbed for at least 20 s; c: air-dry for 10 s at 20 cm; d: light-cure (10 s –
600 mW/cm2).
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hybrid layer was first recorded. Then, the area occupied by the
silver nitrate deposits was delimitated by a software tool,
summed and the relative ratio between total area vs.
impregnated areas was calculated to give the percentage of
SNU within each specific bonding interface.
2.4. Statistical analysis
The experimental unit in the current study was the hemi-
tooth, since half of the sample was tested immediately and the
other half tested only after 3 years. The mTBS (MPa) and SNU
(%) of all sticks from the same hemi-tooth were averaged for
statistical purposes. The mTBS and SNU means for every
testing group was expressed as the average of 7 hemi-teeth
used per group. The premature failures from mTBS were
included in the hemi-tooth mean. The average value attribut-
ed to specimens that failed prematurely during preparation
was arbitrary and corresponded to approximately half of the
minimum bond strength value (ca 4.2 MPa) that could be
measured in this study.
The data of mTBS (MPa) and SNU (%) from each adhesive
were subjected to a two-way repeated measures analysis
of variance (Application technique vs. Storage time) and a
post hoc test (Tukey’s test at a = 0.05) for pair-wise
comparisons.
3. Results
Approximately 24–33 sticks could be obtained per tooth
including those with premature failures. The mean cross-
sectional area ranged from 0.66 to 0.80 mm2 and no differenceamongst groups was detected ( p > 0.05). The percentage of
specimens with premature failure and the frequency of each
fracture pattern mode are shown in Table 2. For all adhesive
systems, the lowest percentage of premature failure was
observed for active application groups in the immediate time.
In regard to the adhesive system, a higher percentage of
premature failures occurred for AD (21%).
3.1. Microtensile bond strength test
The overall mTBS values and the total number of sticks tested
of all adhesives are shown in Table 3. For all adhesives, the
cross-product Application technique vs. Storage time was not
statistically significant ( p > 0.05); however both main factors
were ( p < 0.05). The mTBS values at the immediate groups
were statistically higher than that measured after 3 years for
all materials. The active application groups showed higher
mTBS than the inactive groups both in the immediate and 3-
year periods ( p < 0.05).
3.2. Silver nitrate uptake
The overall SNU values for all adhesives are shown in Table
4. For all materials, the cross-product Application technique
vs. Storage time was not statistically significant ( p > 0.05);
however both main factors were ( p < 0.05) for all materials.
Silver nitrate deposition occurred in all groups irrespective of
the experimental condition. A significant increase in SNU
was observed after 3 years of water storage; however this
increase was less pronounced for the active groups ( p < 0.05;
Table 4). The active application groups showed lower SNU
than the inactive groups, mainly in the 3-year periods
( p < 0.05; Table 4).
Table 3 – Overall microtensile bond strength values and the respective standard deviations (MPa) obtained in each
experimental condition, as well as, the total number of sticks tested and the statistical significance.*
Application technique Adper Prompt L-Pop Xeno III Cleafil S3 Bond
Immediate (A) 3 year (B) Immediate (a) 3 year (b) Immediate (a) 3 year (b)
Inactive (a) 27.3  7.2 (73) 12.3  4.3 (74) 28.3  8.1 (69) 13.1  5.1 (76) 34.2  8.8 (71) 21.1  4.2 (75)
Active (b) 36.8  8.2 (81) 21.2  4.5 (75) 39.2  9.5 (64) 22.3  6.3 (72) 40.5  6.7 (73) 25.1  6.3 (69)
* Greek letters state the comparisons between active vs. inactive group for all adhesives; uppercase, lower letters and subscript letters state the
differences for immediate vs. 3-year groups for each adhesive. Groups identified with the different letter are significantly different ( p < 0.05).
Table 2 – Number and percentage of specimens (%) according to fracture pattern mode and the premature debonded
specimens from each experimental condition.a
Groups Adper Prompt L-Pop Xeno III Cleafil S3 bond
Immediate 3-year Immediate 3-year Immediate 3-year
A/M C PF A/M C PF A/M C PF A/M C PF A/M C PF A/M C PF
Inactive 46 8 19 44 2 28 58 4 7 43 6 27 60 0 11 49 6 20
(90.5) (2.0) (7.5) (75.9) (4.5) (20.6) (84.7) (0) (15.3) (64.3) (0) (35.7) (77.1) (0) (22.9) (88.1) (0) (11.9)
Active 60 8 13 52 4 19 57 4 3 57 2 13 69 1 3 56 6 7
(75.5) (7.5) (17.0) (72.4) (0) (27.6) (72.1) (18.6) (9.3) (76.9) (0) (23.1) (98.0) (0) (2.0) (76.9) (0) (23.1)
a A/M: adhesive/mixed fracture mode; C: cohesive fracture mode; PF: premature failures.
Table 4 – Overall nanoleakage values and the respective standard deviations (%) obtained in each experimental condition,
as well as, the total number of sticks tested* and the statistical significance.**
Application technique Adper Prompt L-Pop Xeno III Cleafil S3 Bond
Immediate (A) 3 year (B) Immediate (a) 3 year (b) Immediate (a) 3 year (b)
Inactive (a) 41.2  11.6 58.4  14.2 27.2  8.7 47.2  8.2 19.3  11.8 35.4  6.1
Active (b) 38.3  10.4 62.3  15.7 14.5  7.6 25.4  5.6 13.6  7.8 24.2  8.6
* The total number of sticks tested in each experimental condition was 14 in each experimental group.
** Greek letters state the comparisons between active vs. inactive group for all adhesives; Uppercase, lower letters and subscript letters state
the differences for immediate vs. 3-year groups for each adhesive. Groups identified with the different letter are significantly different
( p < 0.05).
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for the AD, XE and S3 are depicted in Figs. 2–4, respectively. In
the immediate images of Adper Prompt L-Pop, one can
observe a very thick area of silver nitrate uptake in all
extension of the hybrid layer and adhesive layer (Fig. 2A
and B). This was more pronounced in the 3-year images,
mainly in the inactive group where silver nitrate deposition
can be also seen within dentinal tubules near the hybrid layer
(Fig. 2C and D).
For Xeno III, in the immediate groups, a very thin line of
silver deposition was observed only in the base of the hybrid
layer (Fig. 3A and B). After 3 years, increased silver nitrate
uptake can be seen below and inside the hybrid layer for both
groups, but again this was more pronounced in the inactive
groups (Fig. 3C and D). For Clearfil S3 Bond, a thin line of
silver nitrate uptake was observed at the base of hybrid
layer (Fig. 4A and B) with increased deposition after 3 years.
For this adhesive, this increase occurred practically in the
base of the hybrid layer, mainly in the inactive group (Fig. 4C
and D).
The comparison of inactive and active groups in the 3-year
period reveal that more silver nitrate uptake is seen in the
inactive groups regardless of the adhesive system (Figs. 2C and
D, 3C and D, 4C and D).4. Discussion
The results of this study demonstrated that the active
application mode yielded higher bond strength values and
lower silver nitrate uptake for all one-step self-etch systems
evaluated, irrespective of their acidity. This finding is in
agreement with previous literature findings that evaluated
this application mode for etch-and-rinse systems.18,19
This improvement is likely due to higher dissolution of the
smear layer and higher penetration of resin monomers into
the underlying dentine.10,12,20 The active application allows
transport of fresh acidic resin monomers to the basal part of
the smear layer leading to a more aggressive demineralization.
Therefore one may expect a better interaction of the adhesive
systems with the underlying dentine.12,10,21,22
There was a general concept that more aggressive self-etch
adhesives would be acidic enough to etch and prime through
the smear layer and into the underlying intact dentin23 which
in turn would lead to superior performance when compared to
mild self-etch systems. This was the reason of why active
application was firstly suggested only for mild self-etch
adhesive systems.12 However, this concept was challenged
since although strong self-etch systems produce a deeper
Fig. 2 – Representative backscattered SEM images of the resin–dentine interfaces bonded with Adper Prompt L-Pop. Silver
nitrate uptake (white hand) occurred practically within the hybrid layer in all groups. When inactive application was
performed significantly increase of silver nitrate deposition occurred within the HL and AL and inside the dentinal tubules
in comparison with the active groups (red rectangles) (Co: composite; AL: adhesive layer; HL: hybrid layer and De: dentine).
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)
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strength values.2,7,26
Contrary to that, the results of the present investigation
demonstrated that the effectiveness of the active application
is not dependent on the acidity of the self-etch system, being
this an effective tool to improve the bond strength values and
decrease the deposition of silver nitrate of one-step self-etch
adhesives.13,14
In this study, the acidic adhesive tested (Adper Prompt L-
Pop) contain the functional methacrylated phosphoric acid
HEMA-ester27 that dissociate, when in aqueous solutions, intoHEMA and the strongly acidic phosphoric acid.28 Adhesive
systems that contain these monomers may therefore be quite
acidic, resulting in a profound demineralization of enamel and
dentin10,5 with the disadvantage of being hydrolytically
instable.29 Another disadvantage of the hydrolytic degrada-
tion into HEMA and phosphoric acid is that the dissimilar
depth of penetration and demineralization resulting in
incomplete infiltration of resin into the demineralized dentine
may jeopardize the longevity of adhesion.30,31 These factors
may explain the higher values of silver nitrate deposition
mainly in the 3-year results.
Fig. 3 – Representative backscattered SEM images of the resin–dentine interfaces bonded with Xeno III. Silver nitrate uptake
(white hand) occurred practically within the hybrid layer (base) in all groups. After 3 years, increased silver nitrate uptake
occurred for both groups in the base and above the base of the hybrid layer, with more pronounced silver deposition in the
inactive group (red rectangles) (Co: composite; AL: adhesive layer; HL: hybrid layer and De: dentine). (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of the article.)
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values, this is not the sole indicator of self-etch capacity of
the adhesive. The pKa value of an acid corresponds to the
pH value at which the acid is half dissociated and half non-
dissociated.32 In fact adhesives with varying pKa values
were found for adhesives having this correlation with the
capacity of hydroxyapatite dissolution.33 Self-etch adhe-
sives with higher pKa values (weak acids) binds strong
enough to mineral content; on the other hand, self-etch
adhesives with lower pKa values also bind to the hydroxy-
apatite, but demineralizes more and tend to debond fromthe dentinal hard tissues by forming more soluble calcium
salts.33
Although water is indispensable in the formulation of self-
etch adhesives to promote an ionization medium for the self-
etch activity34 it should be removed to a sufficient degree,
otherwise residual solvent inhibits polymerization and weak-
ens the mechanical properties of the adhesive resin.35,36 To
overcome this difficulty, some studies have tested some air-
blowing conditions37,38 and demonstrated that the air-blowing
pressure have an impact on the bond strength of one-step self-
etch adhesives as well as the duration of the air drying
Fig. 4 – Representative backscattered SEM images of the resin–dentine interfaces bonded with Clearfil S3 Bond. Silver nitrate
uptake (white hand) occurred practically within the hybrid layer in all groups. Observe in the 3-year group that a higher
silver nitrate uptake occurred in the inactive than in the active group (red rectangles) (Co: composite; AL: adhesive layer; HL:
hybrid layer and De: dentine). (For interpretation of the references to color in this figure legend, the reader is referred to the
web version of the article.)
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considered a simple and rapid technique to improve the
solvent evaporation before the light-curing step by increasing
the moieties kinetics.
It is worth mentioning that although higher bond strength
values and lower silver nitrate uptake occurred in the active
application groups, which was also demonstrated earlier,13,14
this technique was not capable to prevent the degradation of
the bonded interfaces produced by one-step self-etch systems,
as well as, double-application42,43. Resin–dentine bond degra-
dation is known to be preceded by water sorption in the
polymer matrix. Water sorption is enhanced by the presenceof hydrophilic and ionic resin monomers,44,45 which facilitate
ion movement within a polymerized resin matrix.45,46
Unfortunately, the active application cannot alter the
hydrophilicity of the adhesive systems employed in this
study. As observed in the SEM images, all interfaces showed
signs of SNU, irrespective of the application mode. These silver
nitrate deposits within resin–dentine interface can be attrib-
uted to areas of sub-optimal polymerization within the
polymer matrix due to incomplete removal of solvent47 and
also represent water-rich interfacial regions from which the
leaching of hydrophilic resin components may occur readily.44
These regions may permit higher diffusional water fluxes
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and the extraction of unpolymerized or degraded monomers20
easily expediting the degradation of resin–dentine bonds.
Although the present study did not aim to compare the
adhesive’s performance, the hydrolytic stability of the calcium
salts produced with the acidic monomers from the different
materials may play a role in the long term durability. Although
all materials showed degradation over time, the rate of
degradation was lower for Clearfil S3 Bond and this could be
explained by the kind of functional monomers presented in
the composition of this material.
Recently, more attention has been given to potential benefit
of additional chemical interaction between functional mono-
mers and tooth substrate components48,49 and how this
primary chemical interaction is thought to particularly
improve bond durability. According to Van Meerbeek et al.50
the chemical interaction of monomers with Hap-based tissues
has been described in the so-called Adhesion-Decalcification
concept.51–53 This model shows that initially all acids
chemically (ionically) bond to calcium of hydroxyapatite.
Whether the molecule will remain bonded or will de-bond
depends on the stability of the formed bond to Ca, or in other
words on the stability of the respective calcium salt.
Functional monomer as 10-MPD (from Clearfil S3 Bond) can
chemically bond to Ca of hydroxyapatite forming stable
calcium-phosphate and calcium-carboxilate salts.54
On the other hand, functional monomers like HEMA-
phosphates (Pyro-EMA and PEM-F from Xeno III and metha-
crylated phosphoric acid HEMA-esters from Adper Prompt L-
Pop), will initially bond to Ca of hydroxyapatite, but will readily
de-bond. The negatively loaded phosphate ions (or carboxyl
groups for carboxyl-based monomers/acids) will remove the
positively loaded (and thus electro-statically attracted) Ca ions
from the surface, up to a certain depth depending on the
application time.50,54
This seems to be directly correlated with the pKa of these
adhesives. Weak self-etch adhesives (higher pKa values)
attach to the hydroxyapatite surface, leach little calcium
but bind strongly enough to mineral content to remain even
after rinsing; and strong self-etch adhesives (lower pKa values)
also bind to calcium ions in hydroxyapatite, but demineralise
more and tend to debond from the dentinal hard tissues by
forming more soluble calcium salts.33
Based on the fact that degradation of the dentine bonds can
be retarded using active application, this technique should be
recommended for one-step self-etch.
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